the START2 Registry Investigators † Background--Thrombocytopenia is associated with increased mortality in the general population, but few data exist in patients with atrial fibrillation (AF) taking oral anticoagulants. We investigated factor determinants of thrombocytopenia in a large cohort of patients affected by AF and its association with total mortality.
T he most common causes of thrombocytopenia in adults include acute and chronic infectious diseases, liver cirrhosis, cancer, and use of drugs like heparin, chemotherapies, antibiotics, and antidiabetic medications. 1 In addition, platelet count may be reduced in patients with myelofibrosis or hematologic diseases.
Thrombocytopenia is usually defined as a platelet count <150910 9 /L, and in the general population, it is associated with an increased risk of mortality. 2 Furthermore, the presence of a low platelet count was associated with worse short-and long-term outcomes in patients with acute coronary syndrome or cancer. 3, 4 The management of patients with thrombocytopenia requiring oral anticoagulation, such as those with venous thromboembolism or atrial fibrillation (AF), is particularly challenging for the potential risk of bleeding. 3, 5 Indeed, anticoagulation is generally contraindicated if platelet count is <50910 9 /L, 6 and patients with platelet count <100910 9 /L were excluded from recent clinical trials with non-vitamin K antagonist (VKA) oral anticoagulants (NOACs). [7] [8] [9] [10] Prevalence and determinants of thrombocytopenia in AF patients are still unclear. In 2 recent studies, the prevalence of thrombocytopenia was highly variable, as it ranged from 6% to 24%. 4, 5 Furthermore, follow-up data about the relationship between thrombocytopenia and mortality in patients with AF were not reported.
On the basis of this, the aim of the present study was to assess prevalence and determinants of thrombocytopenia and its relationship with mortality in a large population of the multicenter cohort START (Survey on Anticoagulated Patients Register) registry.
Methods

Study Population
The authors declare that all supporting data are available within the article. Details of the START registry have been previously described. 11 Briefly, the START registry is an observational, multicenter, ongoing cohort study that includes patients (aged ≥18 years) who start anticoagulation therapy (ClinicalTrials.gov NCT02219984). The study protocol was accepted by the Institutional Review Board of each participating center, and informed consent was obtained from patients at enrollment. The present analysis is limited to patients with nonvalvular AF starting oral anticoagulants, either VKAs (warfarin or acenocoumarol) or NOACs. Patients treated with low-molecular-weight heparin were excluded.
Patients with a life expectancy <6 months, not residents in the participant region, or planning on leaving in the next 6 months were not included in the registry, as well as patients already enrolled in phase 2 or 3 clinical studies. Patients enrolled in other observational or phase 4 studies were considered eligible for the study.
Thrombocytopenia was defined by a platelet count <150910 9 /L. 12 Primary end point of the study was the occurrence of all-cause mortality. Data on death were obtained from relatives of patients or from general practitioners. CHA 2 DS 2 VASc [congestive heart failure (1 point), hypertension (1 point), age ≥75 years (2 points), diabetes (1 point), prior stroke (2 points), age 65-74 years (1 point), female sex (1 point), and vascular disease (1 point)] and HAS BLED (hypertension i.e. uncontrolled, abnormal renal/liver function, stroke, bleeding history or predisposition, labile international normalized ratio, age >65 years, drugs/alcohol concomitantly) scores were also calculated. In the HAS BLED, the "L" of labile international normalized ratio was scored 0.
Statistical Analysis
Data are expressed as mean and SD or median and interquartile range, depending on variable distribution. Group comparisons were performed by unpaired Student t test. Proportions and categorical variables were tested by the v 2 test.
We divided patients' cohort according to the presence of thrombocytopenia (ie, platelet count <150910 9 /L) and performed a descriptive analysis of characteristics of patients with and without low platelet count.
Multivariable logistic regression analysis was used to investigate factors associated with thrombocytopenia and to estimate the adjusted odds ratio (OR) of each variable.
Variables were categorized or dichotomized for the multivariable model, which included the following covariates: persistent/permanent AF (versus paroxysmal AF), female sex, aged ≥75 years, obesity (body mass index ≥30 kg/m 2 ), chronic kidney disease (creatinine clearance <60 mL/min), active cancer, diabetes mellitus, previous cerebrovascular events, previous cardiovascular disease, heart failure, peripheral artery disease, pulmonary disease, liver cirrhosis, smoking, NOACs use (versus VKAs), antiplatelet drugs, lipidlowering drugs, antiarrhythmic drugs, angiotensin-converting enzyme inhibitors, b blockers, calcium channel blockers, diuretics, nitrate, angiotensin receptor blockers, digoxin, proton pump inhibitors, and xanthine oxidase inhibitors.
Survival analysis was performed to investigate the relationship between thrombocytopenia and all-cause mortality. For this analysis, patients were divided in 3 groups: normal (>150910 9 /L), mildly reduced (150-100910 9 /L), and moderately severely reduced (<100910 9 /L) platelet count.
The cumulative incidence of all-cause mortality was estimated using a Kaplan-Meier product-limit estimator, and survival curves were formally compared using the log-rank test. Univariate and multivariate stepwise Cox proportional hazards regression analysis was used to calculate the adjusted relative hazard ratios (HRs) of death by each clinical variable. Three models of survival analysis were built: model A, adjusted for age and sex; model B, adjusted for CHA 2 DS 2 VASc score; and model C, fully adjusted.
Clinical Perspective
What Is New?
• Thrombocytopenia is common in patients experiencing atrial fibrillation and taking oral anticoagulants. • Platelet count was lower in men than women and decreased by aging, and the presence of chronic kidney disease, active cancer, and liver cirrhosis was associated with thrombocytopenia. • We observed a significant association between moderatesevere thrombocytopenia and mortality, which persisted after adjustment for CHA 2 DS 2 VASc score.
What Are the Clinical Implications?
• Thrombocytopenia may identify a subgroup of patients with atrial fibrillation at higher risk of mortality. • When thrombocytopenia is detected, the presence of comorbidities potentially affecting survival should be investigated.
All tests were 2 tailed, and P<0.05 was considered statistically significant. Analyses were performed using computer software (IBM SPSS 23 Inc).
Results
The cohort was composed of 5236 patients with AF; 4 patients had missing data, and 17 patients taking lowmolecular-weight heparin were excluded. Thus, the analysis was performed in 5215 patients. Of these patients, 3877 (74.3%) were taking VKAs, and 1338 (25.7%) NOACs: 469 taking dabigatran, 478 taking apixaban, 379 taking rivaroxaban, and 12 taking edoxaban.
Characteristics of patients are reported in Table 1 . The mean age was 75.0AE9.6 years, and 2368 (45.4%) were women. Overall, thrombocytopenia was present in 592 patients (11.4%) ( Table 1) . Of these patients, 10.4% had mild and 0.96% had moderate-severe thrombocytopenia. Patients with thrombocytopenia were older; they were more likely to have persistent/permanent AF, active cancer, and liver cirrhosis; and more of them were treated with calcium channel blockers, nitrate, diuretics, and xanthine oxidase inhibitors. A trend for higher use of lipid-lowering drugs and proton pump inhibitors and diabetes mellitus was also found ( Table 1) . Among antiarrhythmic drugs, 147 were treated with propafenone, 258 were treated with flecainide, 674 were treated with amiodarone, and 229 were treated with other drugs (dronedarone/unknown).
The CHA 2 DS 2 VASc score was similar between the 2 groups, whereas the HAS BLED score was significantly higher in patients with thrombocytopenia (Table 1) .
Women were less likely to have thrombocytopenia compared with men (Table 1) . Thus, median platelet count was significantly lower in men than women, independently from aging ( Table 2 ). In particular, in male but not female patients, a significant decrease in platelet count was found according to age group (Table 2) .
At multivariable logistic regression analysis, chronic kidney disease (OR, 1.257; P=0.030), active cancer (OR, 2.065; P=0.001), liver cirrhosis (OR, 7.635; P<0.001), and the use of diuretics (OR, 1.234; P=0.046) were positively associated with thrombocytopenia, whereas female sex (OR, 0.387; P<0.001) and calcium channel blockers (OR, 0.787; P=0.032) were negatively associated (Table 3 ).
Survival Analysis
Median follow-up was 19.2 (interquartile range, 8.8-35.4) months, yielding 9942 patient-years of observation; 391 deaths were registered with an annual incidence rate of 3.93% (95% CI, 3.6%-4.3%). Incidence of mortality increased from 3.8%/year in patients with normal platelet count to 9.9%/year in those with moderate-severe thrombocytopenia ( Table 4) .
Kaplan-Meier curves showed a significant decrease of survival across the 3 groups of thrombocytopenia (log-rank test, P=0.009; Figure) . Univariate Cox regression analysis showed that moderate-severe, but not mild, thrombocytopenia was associated with mortality (Table 4 ). Among antiarrhythmic drugs, we found that propafenone (univariate HR, 0.339; 95% CI, 0.126-0.908; P=0.031) and flecainide (n=258; univariate HR, 0.370; 95% CI, 0.183-0.747; P=0.006), but not amiodarone (n=674; univariate HR, 0.865; 95% CI, 0.640-1.169; P=0.344) or other antiarrhythmic drugs (n=229 dronedarone/unknown; univariate HR, 0.692; 95% CI, 0.412-1.162; P=0.164), were associated with mortality. However, given the low number of deaths in each group (4 in the propafenone group, 8 in the flecainide group, 49 in the amiodarone group, and 15 in the other group), antiarrhythmic drugs were grouped for multivariable analysis.
The association between moderate-severe thrombocytopenia and mortality persisted after adjustment for age and sex ( for platelet count <100910 9 /L versus normal platelet count. All significant predictors of mortality are reported in Table 5 .
Thrombocytopenia and Bleeding
During follow-up, 133 major bleeding events were reported. Univariate Cox regression analysis found that moderatesevere thrombocytopenia resulted in a significant association with major bleeding (HR, 3.699; 95% CI, 1.170-11.692; P=0.026). This association was not evident for mild thrombocytopenia (HR, 1.218; 95% CI, 0.700-2.118; P=0.486).
Discussion
The study shows a relatively high prevalence of thrombocytopenia in AF patients on treatment with oral anticoagulants. The incidence of mortality increased with the severity of thrombocytopenia and persisted after adjustment for CHA 2 DS 2 VASc score.
The present study reports a prevalence of thrombocytopenia of 11.4%, which is in between the prevalence reported in previous studies. 4, 5 For the study that reported a prevalence of 5.7% of white patients, it is possible that the difference in age of the population could account for the different results; thus, the mean age of the cohort of Yadav et al. was lower than that of our study (mean, 65 versus 75 years, respectively). 4 Conversely, a significantly higher prevalence of thrombocytopenia of 24.2% has been reported in the Korean population, 5 despite a significantly lower prevalence of comorbidities, such as hypertension, chronic kidney disease, and previous cerebrovascular events, compared with the present cohort.
Another large nationwide study, including 8478 middle-aged participants without cardiovascular risk factors, reported a prevalence of thrombocytopenia of 16.5%. 13 We found that chronic kidney disease, active cancer, and liver cirrhosis, which are frequent features of patients with AF, 14 were significantly associated with thrombocytopenia; this is in accordance with previous reports in different clinical settings. 15 In addition, we found a sex-based difference in platelet count, with women having mean higher platelet count than men. This difference was evident both in younger (aged ≤75 years) and elderly (aged >75 years) patients. This finding is in keeping with a previous study on a large sample of the Italian general population, 16 showing higher platelet count in women than men. In the same study, a decrease in platelet count by aging was present both in men and women, whereas 
Figure.
Kaplan-Meier curves for risk of mortality, according to the presence of thrombocytopenia.
we found a decrease of platelet count according to age in men but not in women. A mortality rate of 3.93%/year was registered in the present study, which is substantially in line with previous studies reporting an incidence of mortality ranging from 2.19% 17 to 5.15%. [18] [19] [20] At survival analysis, we found a progressive increase of mortality rate from 3.8%/year in patients with normal platelet count to 4.6% and 9.9% in patients with mild and moderate-severe thrombocytopenia, respectively. This association persisted after adjustment for CHA 2 DS 2 VASc score but was lost at fully adjusted multivariable hazard Cox regression analysis. This suggests that some risk factors not currently used for thromboembolic risk stratification, such as chronic liver and kidney disease or active cancer, may be associated with thrombocytopenia. These factors should be evaluated in patients presenting with thrombocytopenia.
Thrombocytopenia has also been proposed as a risk factor for mortality in other clinical cardiovascular settings, such as patients experiencing an acute ischemic stroke, 21 a myocardial infarction, 22 or undergoing percutaneous coronary intervention. 23 However, mechanisms underlying this association have not been explored. Beyond platelet count, an important factor to be considered is platelet function, which may be increased by aging and cardiovascular risk factors. 24 Thus, in a previous study, patients with AF presenting with an increased urinary excretion of thromboxane B 2 , a marker of systemic platelet activation, experienced a higher rate of cardiovascular events, independently from platelet count. 25 Another interesting finding of the study is the inverse association between antiarrhythmic drugs and mortality. In particular, univariate analysis showed that propafenone and flecainide, but not amiodarone, were associated with a lower mortality rate. However, the low number of deaths in each group of antiarrhythmic users did not allow us to explore the association between mortality and single drugs. The association between antiarrhythmic drugs and relevant clinical outcomes, such as thromboembolism, heart failure, ischemic heart disease, and cardiovascular mortality, needs further research, mostly considering the potential adverse effects related to the use of these drugs. 26, 27 The studys has implications and limitations. The presence of thrombocytopenia in AF should be regarded as a marker of coexistence of comorbidities associated with poor survival. The reasons for men having less platelet count with a decline according to age should be further investigated. Another limitation of the study is the lack of information on the quality of anticoagulation in patients treated with VKAs. Finally, data reflect a cohort representative of the Italian population and cannot be transferred to another population. Furthermore, to better understand the role of thrombocytopenia in patients with AF taking oral anticoagulants, the association between thrombocytopenia and other end points, such as cardiovascular events and bleeding, should be further explored.
In conclusion, thrombocytopenia is frequent in patients with AF receiving treatment with oral anticoagulants. Despite an increased risk of mortality, thrombocytopenia may not represent per se a risk factor for mortality but may rather mirror the presence of comorbidities associated with poor survival.
